We present a case of survival after ventricular wall rupture in a young man following a fall. The patient had a delayed presentation to the emergency department with normotension and a slight tachycardia. His complaints were mild dyspnea with thoracic pain. Computed tomography of his chest revealed a pericardial effusion, a right ventricular wall defect with pseudoaneurysm and active contrast extravasation. He was transferred to our tertiary care institution for emergent cardiac intervention. The patient had a unique past surgical history significant for previous median sternotomy as a child for repair of a patent foramen ovale at the age of 13 years. Upon arrival to our facility, the patient underwent surgical exploration, and a transmural defect was identified in the right ventricle. This was repaired on cardiopulmonary bypass, and the patient recovered well. Cardiac injury following blunt thoracic trauma should always be considered when a patient presents with hypotension and tachycardia. Expeditious diagnosis and intervention is required for salvage. We believe our patient's past surgical history with previous pericardiotomy directly contributed to his survival of a typically lethal injury.
Introduction
Trauma is the leading cause of death in the United States between the ages of 1 and 44. 1 Thoracic trauma comprises up to 25% of these deaths. 2 The spectrum of thoracic injuries ranges from minor contusions to serious cardiovascular injuries. With improvements in pre-hospital care and enhanced diagnostic capabilities over the past few decades, the ability to successfully treat potentially lethal cardiac injuries has become more achievable. Even so, cardiac rupture resulting from blunt thoracic trauma, generally remains a fatal injury. 3 Blunt thoracic trauma should prompt the clinician to rule out life-threatening cardiac injuries, especially in the setting of hemodynamic compromise. Sudden acceleration or deceleration, compression of the sternum against the vertebra and abrupt increase in intrathoracic or intra-abdominal pressures are all mechanisms that result in cardiac injury. 4, 5 The most common cause of thoracic trauma remains motor vehicle collision with a deceleration component. 6 However, similar injuries may be sustained following auto-pedestrian accidents, falls, crush injuries, animal kicks or sports injuries. 3, 7 All thoracic structures are at risk of injury ranging from minor abrasions to underlying rib fractures and pulmonary contusions and to more life-threatening insults to cardiovascular, upper gastrointestinal and pulmonary structures. 8 This report presents a case of survival or right ventricular rupture following a fall. Diagnosing blunt cardiac injury can be challenging. Depending on the clinical status of the patient, evaluation of such injury should involve complete examination including electrocardiogram, cardiac enzymes and diagnostic imaging such as echocardiogram and computed tomography (CT) of the thorax with intravenous contrast.
5,9
Case report A 29-year-old man with a history of previous sternotomy for repair of a patent foramen ovale sustained a fall from a 40-foot balcony; he did not initially seek medical attention but reported to a local emergency room after feeling ill 10 h following his fall. His vital signs on presentation included a blood pressure of 135/70 mmHg, heart rate of 103 beats/min, respiratory rate of 18 breaths/min and peripheral oxygen saturation of 100% on room air. He was complaining of diffuse chest pain with dyspnea.
Contrasted CT of his thorax revealed a moderatesized right hemopneumothorax, a moderate-sized hemopericardium, an anterior mediastinal hematoma and an 8-mm defect in the anterior right ventricle with associated pseudoaneurysm with contrast extravasation ( Figure 1 ). Additionally, a grade II right renal laceration, a right adrenal laceration and a superior endplate T12 compression fracture were diagnosed. Electrocardiogram demonstrated normal sinus rhythm. The patient was subsequently transferred to our Level 1 Trauma Center for emergent cardiovascular surgical intervention.
Upon arrival at our facility, he was normotensive, mildly tachycardic but with worsening dyspnea and chest wall tenderness. He remained without significant hypoxia on supplemental oxygen. His laboratory values were significant for a white blood cell count 18,200 mL, hemoglobin 13.8 g/dL, hematocrit 41.2%, CK-MB 34 ng/mL and troponin 5.38 ng/mL.
CT angiogram images from the referring institution were reviewed, and the patient was taken to the operating room emergently where a transesophageal echocardiogram was performed after induction of general anesthesia. The presence of communication between the right ventricle and the pericardium was confirmed (Figure 2 ). Once cardiopulmonary bypass was achieved through axillary artery and femoral vein cannulation, a redo sternotomy was performed. Dense pericardial adhesions were encountered, which contained an anterior mediastinal hematoma. With the hematoma evacuated, a transmural defect was discovered on the right anterior ventricle approximately 2.5 cm in diameter (Figure 3(a) ). Under conditions of normothermia without circulatory arrest, the pseudoaneurysm was repaired circumferentially and reinforced with bovine pericardium pledgets (Figure 3(b) ). The patient was extubated in the surgical intensive care unit the following day and recovered well. His renal, adrenal and thoracic spine injuries were managed non-operatively. He was discharged on postoperative day 5 and has been doing well at follow-up in clinic visits.
Discussion
Isolated blunt cardiac injuries generally represent a mortality of 81%-100% 6 and only approximately 5% arrive to the hospital prior to expiration.
This case is unique in that the patient not only survived this devastating injury, but he was also able to compensate for the cardiovascular disruption for several hours prior to seeking treatment. We believe the major factor that contributed to this patient's survival was his previous cardiac surgery, which created an intrathoracic anatomic environment that sustained his survival. The adhesions from his prior pericardiotomy prevented marked pericardial hemorrhage while the large ventricular rupture allowed free flow between the ventricle and the pericardium allowing equalization of the pressure gradients. During ventricular systole, blood moved into the pericardium when ventricular pressure exceeded pericardial pressure, but expansion was limited by the pericardial adhesions. During diastole, when pericardial pressure exceeded ventricular diastolic pressure, blood flow returned back into the right ventricle. This prevented pericardial pressure from exceeding diastolic filling pressures and cardiac tamponade conditions. From a technical perspective, the chances of survival of such injury are improved by holding digital pressure over the tear, activating the cardiovascular surgical team and initiation of cardiopulmonary bypass prior to attempted cardiorrhaphy. We recommend the use of bypass for safety of the repair and to adequately decompress the right ventricle to establish a more suitable working environment given the friable state of the ventricular tissue. It is important that if the procedure is done utilizing beating heart conditions on cardiopulmonary bypass that blood in the right ventricle is not suctioned; otherwise, there is a high risk of developing an air lock in the venous circuit that can result in failure to provide circulatory support. Given the tenuous tensile strength of the ventricle, we recommend using large monofilament pledgeted sutures to take generous, full thickness bites of healthy ventricular tissue. Additionally, we prefer to use bovine pericardium as the pledget material as it has superior handling and molding characteristics over felt, which tends to be stiffer and less compliant. Attempts to repair large tears of the ventricular free wall without the use of cardiopulmonary bypass or large pledgeted sutures are unlikely to be successful.
Conclusion
With blunt thoracic trauma, suspicion for cardiac injury must be maintained as the incidence has been reported from 4% to 15%. 10, 11 Hemodynamic instability should prompt emergent evaluation and resuscitation. Diagnosis should be made quickly with a complete assessment including echocardiogram and contrasted CT. Cardiac injuries range in severity from contusions to pericardial and free wall rupture leading to hemodynamic compromise, arrhythmias, tamponade, heart failure and death. Prompt recognition is key to survival so that invasive intervention can be performed expeditiously if necessary. While the chance of survival remains narrow and may largely rely on patient factors, we advocate aggressive operative intervention under conditions of cardiopulmonary bypass.
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